(From the Physiological Laboratory o f Prof. Y. Satake, Tohoku Imperial University, Sendai)
We must still say, that no definite answer can be given re the question asked in the heading of this paper, though apparently so wholly simple, as the following bibliography shows. Elliott injected adrenaline intravenously into a cat under ether in suc cessive doses of 0.2 mgrm. until a total of 3.5 mgrms. was reached in 4 hours. The suprarenal gland taken out after adrenaline was found to contain the same amount of pressoric action as the gland removed before adrenaline. The former gland was denervated just before the adrenaline application.') Borberg in jected adrenaline into a rabbit intravenously in a dose of 0.5 c.c. of a strength 1:100 000 per minute for 4 hours, which resulted in no alteration in the chro mic reaction of the suprarenal medulla and aorta-paraganglia. 0.5 c.c. of ad renaline 1:33 300 per minute was repeatedly injected into another rabbit; 0.5 hour after the 19th injection the rabbit died. No alteration was noted in the medulla and cortex of the suprarenals. From these findings Borberg was of the opinion that adrenaline does not evoke any direct change of the chromic re action of the suprarenals. In another rabbit which died on receiving adrenaline in a dose of 0.1-0.3 c.c. of 1% solution per day and in toto 4.2 mgrms. some re duction was found in the chromic reaction. Similar autopsy findings were also noted of a guinea-pig which received adrenaline intraperitoneally.
Such a re duction of adrenaline in the medulla is not due, according to Borberg, to the direct action of the drug.
Kuriyama3) made an extensive study of this question, rabbits being ex * For the sake of avoiding confusion, we usually employ in this Laboratory the term "epinephrine" for the active principle of the suprarenal medulla, and , adrena line" for the commercial preparation of the active substance.
perimented on and the Folin, Cannon and Denis method being employed for determining the epinephrine content. 7 rabbits received adrenaline sub cutaneously in a dose of 0.5-1.0 mgrm. per kilo every day and 8-14 days before being killed they were fasted. Adrenaline injection was repeated for 11-52 days. Another 3 rabbits were killed under the influence of acute adrenaline intoxica tion. 1 mgrm. adrenaline per kilo was repeatedly subcutaneously injected, usually with an interval of one hour. No material change was seen in the epine phrine content of the glands. Porak4) noted a greater pressoric ability of the suprarenals of a rabbit which received the suprarenal extract repeatedly, compared with the normal. The injections were given on 10. III. 1913 and the determinations on 25. IV. of that year.
In rabbits Morita5) sectioned the left splanchnic nerve per laparotomiam and injected 0.2 c.c. of 1% adrenaline hydrochloride solution every twenty minu tes for 2 hours, that is 1.4 c.c. in toto; then the suprarenals were removed. The right glands were found to contain a small amount of epinephrine; the intra venous administration of adrenaline has no ability to protect the epinephrine discharge. But an intraperitoneal application of adrenaline is capable, accord ing to his results, of preventing an exhaustion of the epinephrine load causable by sodium nitrosum, amyl nitrate or diphtheria toxine. The subcutaneous ap plication was proved non-effective for preventing epinephrine exhaustion by diphtheria intoxication.
The epinephrine was determined by the colorimetri cal method of Suto.
Imamura6) injected 1% adrenaline hydrochloride in a dose of 0.5 c.c. per kilo subcutaneously into rabbits, 2 hours later the rabbits were killed and the suprarenals were examined for the epinephrine content, the Suto method be ing used. He noted a reduction such as 5.9% in the epinephrine content.
Nosaka7) injected adrenaline hydrochloride subcutaneously into rats in doses varying from 0.11 c.c. to 0.21 c.c., and 15 minutes to 1.5 hours later the ani mals were killed, and no material alteration was seen in the epinephrine load of the suprarenals.
The Suto method was used. After an injection of adrenaline Cramer8) observed histologically that the peripheral cells of the suprarenal medulla lose their adrenaline.
Hirayama9) estimated the epinephrine content by the Folin method in the suprarenal capsules of rabbits, which received adrenaline hydrochloride so lution and were observed for several hours to determine the blood sugar. Into some rabbits adrenaline hydrochloride solution of full strength was injected in a single dose of 0.1 or 0.3 mgrm. per kilo either hypodermically or intravenously, and in some others diluted solutions varying from 1:100 000 to 1:2 000 000 were 4) Porak, J. de Physiol. et de Path Gdn., 1919-20, 18, 108. 5 Exp. Path., 1926, 7, 88. 9 ) Hi rayama, Tohoku J. of Exp. Med., 1926, 7, 346. intravenously infused, 0.04-0.3 mgrm. per kilo being the total quantity injected. All the rabbits were previously deprived of the splanchnic nerves on both sides. No alteration was seen in the epinephrine content determinable by the colori metrical method of Folin.
In some cases the chromaffine substance was roughly measured by the procedure of Negrin and Brueke; the results check well with the chemical determination.
Abe10) and Shinohara31) carried out similar experiments with I m. amura in the same Laboratory and reached the same conclusion. Adrenaline hydro chloride was subcutaneously dosaged as 0.5 c.c. per kilo by Abe and 0.1 c.c. per kilo by Shinohara and the time which was allowed to elapse between the in jection and the killing was 2 hours by Abe and 1 hour by Shinohara.
Somewhat similar experimental conditions with Kuriyama in rabbits were fulfilled in a single experiment of Wada12) on a dog, that is, 1.0 c.c. of adrenaline hydrochloride was six times, with intervals of thirty minutes or so, injected into a dog weighing 8 kilos., and 10 minutes after the last injection the animal was killed. (1:10 p. m. & 1:20 in his protocol maybe misprints for 2:10 & 2:20). The suprarenal glands were found to contain a large amount of epine phrine, determined by the Suto method, such as about 1.7 mgrms. per grm. gland against 0.7-1.3 mgrms. for normal dogs (Table I, b) . From this finding W a d a concluded that adrenaline accelerates the formation of epinephrine. This paper appeared when the present investigations were already closed.
Dissimilar
conclusions were thus arrived at by various experi mentalists;
in fact the experimental conditions were very dissimilar. Nevertheless dissimilar results were also reported even under similar conditions, such as Imamura, Abe and Shinohara against Kuri yama and Nosaka or Wada against Kuriyama. Inthis state of the matter it seems to us of to be worth while to re-investigate this question. Previously this kind of investigation was carried out in this Laboratory by Hirayama, in connection with an investigation re the glycaemic effect of adrenaline, but at that time the suprarenals were denervated beforehand.
This time normal rabbits were experimented on. In this connection it may be noted that adrenaline not only does not in crease the epinephrine discharge from the suprarenals, but exercises a sedative influence upon the preformative epinephrine liberation, if it exists.13) EXPERIMENTAL. , 1927, 9,149 mgrm. per kilo to 30 mgrms. per kilo in cases of the hypodermical ap plication and in doses of from 4 mgrms. per kilo to 10 mgrms. per kilo in cases of the intravenous application. The latter was injected into the ear vein at the rate of 1 c.c. per minute.
Sixty minutes after the end of the injection the animals were killed by a blow on the neck; when heavily dosaged some animals died before 60 minutes elapsed. Immediately after killing or death the abdominal cavity was opened, and the suprarenals were removed. The epinephrine content was determined by means of the Suto Kojima method.14)
In Table I The epinephrine content in the left gland was 0.055-0.176 mgrm., mean 0.093 mgrm., and that in the right gland 0.050-0.176 mgrm., mean 0.091 mgrm. The two combined are 0.105-0.352 mgrm., mean 0.184 mgrm. If reckoned on the weight of the gland, they are 0.27 0.93 mgrm., mean 0.57 mgrm. per grm. in the left gland and 0.28-0.97 mgrm., mean 0.61 mgrm. per grm. in the right gland. These figures coincide with the data reported by the previous investigators who made use of the Suto-Kojima method or the Suto method, as given in Table II . Some of the figures are computed by the present writer. Taking the figures quoted in Table II together, the epinephrine content of normal rabbit suprarenals may be taken as about 0.2-1.2 mgrms. per grin, gland, mean 0.5-0.65 mgrm. per grm. gland. If reck oned on the body weight the content is 0.06-0.17 mgrm., mean 0.1 mgrm. per kilo.
Next the figures yielded on an adrenaline application will be discussed.
0.1 mgrm. adrenaline hydrochloride per kilo was subcutaneously injected into 5 rabbits, and 60 minutes later they were killed. Taking both the glands together, 0.67 mgrm. (0.34-1.28 mgrms.) per grm. gland and 0.096 mgrm. (0.058-0.15 mgrm.) per kilo body weight were estimated. This dose is that applied by Shinohara.
In the present researches no change, that is neither increase nor decrease, was noted compared with the figures quoted in Tables I and II . Only the glands in Rabbit No. 19 were found to be involving a great load of epine phrine, but it is about the same with the maximum value observed in normal individuals by Imamura, and Kojima with his co-workers; and if reckoned on the body weight the load cannot be said to be so great.
0.3 mgrm. adrenaline per kilo was tried in 4 individuals. 60 mi nutes later they were killed, followed by the determination. The epine phrine load in both the glands was 0.70-0.96 mgrm., on an average 0.84 mgrm., per grm. gland, and 0.104-0.122 mgrm., mean 0.115 per kilo of body weight. The mean values are somewhat large compared with the cases of 0.1 mgrm. adrenaline and also with the control, but in no case was the maximum detectable in the normal individuals ex ceeded, that is they were within the normal limits. Then much larger doses were tried; 4 mgrms. per kilo, 20 mgrms. and 30 mgrms. One individual (No. 28) died eventually 20 minutes after receiving 30 mgrm. adrenaline under the skin under heavy poi soning symptoms. The content per grm. gland was computed in them as 0.40 mgrm., 0.72 mgrm., 0.22 mgrm. and 0.89 mgrm., and that per kilo body weight as 0.070 mgrm., 0.106 mgrm., 0.044 mgrm. and 0.155 mgrm. No. 28 contained a much smaller amount of epinephrine and No. 29 a somewhat large one, but they do not exceed the normal limits. And if it may be granted that a reduction of epinephrine occurs in the glands of Rabbit No. 29, this should not be taken as the effect of ad renalin itself, but possibly to the excessive damage of the organism due to the heavy poisoning.
Adrenaline solution in full strength was infused into the ear vein in doses varying from 4 mgrms. per kilo to 10 mgrms. per kilo, usually with a rate of 1 c.c. a second. Only a small amount was injected, the velocity of injection was a little rapid, consequently two individuals died 10 minutes and 43 minutes respectively after the end of the in jection. 10 mgrm. per kilo was dosed, all the individuals, two in num ber, died not long after the end of the injection. In these rabbits the epinephrine contained in the gland was estimated as 0.23-0.82 mgrm. per grm. gland and 0.047 to 0.132 mgrm. per kilo of body weight; therefore no abnormal values were detected. Only the values from Rabbit No. 34, receiving 6 mgrms. adrenaline per kilo, and Rabbit No. 37, receiving 9 mgrms., were somewhat low, but never beyond the lowest limits detectable in normal individuals.
All the values of epinephrine in the suprarenals of rabbits, slightly as well as very heavily intoxicated by adrenaline, are within the limits of normal individuals. There was seen occasionally some small values, some great values; if they would occur frequently we should put some stress upon it, but such values were measured only infrequently and in fact one and the same dosage was responded to with a somewhat small value in one case, with a somewhat large value in another case, and with mediate values in the remainder. It is not fair, I believe, to assert the existence of a definite influence of adrenaline upon the epinephrine store of suprarenals. There are in fact some experimentalists who speak of the non-influence of adrenaline upon the epinephrine storage. A note of Sugawara, Saito and Nemoto13) on the data in the paper of Ima mura saying that they point to the same conclusion, if correctly interpreted, as made by the remaining investigators, that is the non-influence of adrenaline upon the epinephrine storage, can also safely be applied to the data of Abe.
Similar experiments with Wada, who speaks of an increased epinephrine load an adrenaline poisoning, are given in a paper of Kuriyama, that is in Table III (Rabbits I & III) . The latter anther concluded that the epinephrine content of the suprarenals was not materially changed by subcutaneous injection of adrenaline.
Only the species of animals experimented on was different, Wada on a dog and Kuriyama on rabbits.
SUMMARY.
Adrenaline hydrochloride was applied to normal rabbits, in doses of 0.1-30 mgrm. per kilo when subcutaneously applied and of 4-10 mgrms. per kilo when intravenously injected. As a rule the animals were killed by a blow on the neck one hour after the end of the injec tion; some animals died within one hour. Soon after killing or death the suprarenal glands were excised per laparotomiam, and the epine phrine determined by means of Suto-Kojima's sublimate method.
Neither decrease nor increase was found in the epinephrine stor age. We must conclude the non-influence of adrenaline upon the epine phrine load, which corresponds to the fact that adrenaline does not in crease the epinephrine discharge from the suprarenal glands at all, while it depresses an exaggerated liberation, if it exists.
